Titanium (Ti) has been widely used as an implant material due to the excellent biocompatibility and corrosion resistance of its oxide surface. Biomaterials must be sterile before implantation, but the effects of sterilization on their surface properties have been less well studied. The effects of cleaning and sterilization on surface characteristics were bio-determined using contaminated and pure Ti substrata first manufactured to present two different surface structures: pretreated titanium (PT, Ra = 0.4 lm) (i.e. surfaces that were not modified by sandblasting and/or acid etching); (SLA, Ra = 3.4 lm). Previously cultured cells and associated extracellular matrix were removed from all bio-contaminated specimens by cleaning in a sonicator bath with a sequential acetone-isopropanol-ethanol-distilled water protocol. Cleaned specimens were sterilized with autoclave, gamma irradiation, oxygen plasma, or ultraviolet light. X-ray photoelectron spectroscopy (XPS), contact angle measurements, profilometry, and scanning electron microscopy were used to examine surface chemical components, hydrophilicity, roughness, and morphology, respectively. Small organic molecules present on contaminated Ti surfaces were removed with cleaning. XPS analysis confirmed that surface chemistry was altered by both cleaning and sterilization. Cleaning and sterilization affected hydrophobicity and roughness. These modified surface properties affected osteogenic differentiation of human MG63 osteoblast-like cells. Specifically, autoclaved SLA surfaces lost the characteristic increase in osteoblast differentiation seen on starting SLA surfaces, which was correlated with altered surface wettability and roughness. These data indicated that recleaned and resterilized Ti implant surfaces cannot be considered the same as the first surfaces in terms of surface properties and cell responses. Therefore, the reuse of Ti implants after resterilization may not result in the same tissue responses as found with never-before-implanted specimens.
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Introduction
Titanium (Ti) has been widely used as an implant material due to the biocompatibility and excellent corrosion resistance of its thin titanium oxide layer [1] . In order to enhance osseointegration of dental and orthopaedic implants, many surface modification strategies have been pursued, focusing on the important role of the biomaterial surface properties [1-3]. Since the biomaterial device has to be sterile before implanting in the body, the sterilization process is considered as the last step of the surface modification [4] . Depending on the biomedical device or material, secondary cleaning or sterilization may be done in a clinical setting. Therefore, it is possible for biomaterials to undergo several uncounted cleaning and sterilization steps in an uncontrolled manner. In situations where implant devices are approved for reuse, cleaning and sterilization are key steps in the reconditioning of the implant to its initial state, but may also contribute to modification from initial surface properties [5] .
Cleaning and sterilization can be distinguished in terms of function. The purpose of cleaning is to remove or reduce visible soils including blood, protein and debris on the surface of substrata. Sterilization serves to eliminate or stop reproduction of microorganisms including bacteria, spores, and fungi [6] . Usually, cleaning is done first, followed by sterilization. Fig. 1A illustrates the processing of biomaterials from cleaning to implantation.
